Top squark (stop) plays a crucial role in the naturalness of supersymmetry (SUSY) models, which has been extensively searched for in the LHC experiments. Due to the parity-violating couplings, top quark and chargino thus produced from stop decay are expected to be polarized.
I. INTRODUCTION
After the discovery of the Higgs boson [1, 2] , the next primary goal for the LHC experiments will be searching for new physics beyond the Standard Model (BSM). One of the major theoretical motivations in this direction is the naturalness principle, which implies that new physics should appear around TeV scale. Among various models of this new physics, supersymmetry is the most appealing candidate. It provides an elegant solution to the naturalness problem by introducing supersymmetric particles (sparticles) to cancel the quadratic divergence in Higgs mass. Among a plethora of sparticles, the stop plays a key role in the cancelling. Therefore, searching for stop is an urgent task for testing naturalness in SUSY.
So far, the ATLAS and CMS collaborations have performed extensive searches for stop, including the gluino-mediated stop production and the direct stop pair production. The analysis strategies strongly depend on assumptions of spectrum and nature of sparticles.
For example, when mt 1 ≫ m t + mχ0 1 , the top quark from stop decayt 1 → tχ 0 1 will be energetic. The tt background can be suppressed by using endpoint observables [3] [4] [5] and boosted technique [6] [7] [8] . While in the compressed region with mt 1 ≈ m t +mχ0 1 , the kinematics of stop pair events are very like top pair background. The ISR/FSR jet is usually utilized to reduce such a background [9] . Besides, stop can also be singly produced via the electroweak interaction, such as the associated production of the stop and chargino, which will lead to distinctive mono-top/bottom signature at the LHC [10] [11] [12] [13] [14] . On the other hand, if the flavorconserving two body decays of the stop are kinematically forbidden, the stops produced near the threshold will live long enough to form bound states, i.e. stoponium, which subsequently decay through annihilation into the SM final states [15] [16] [17] [18] . Besides traditional cut-flow based analysis methods, machine learning (ML) technique may provide a more powerful way to enhance the LHC sensitivity of stop [19] .
It should be noted that the top quark produced from stop decay is polarized due to the parity-violating interactions of stop. The polarization effects can be measured from the kinematics of the decay products [20] [21] [22] [23] [24] [25] [26] [27] [28] , which can be utilized to reveal the features of stop [29] [30] [31] [32] [33] . For example, the top polarization was used to probe the mixing in the stop sector at future lepton colliders [34] . In Ref. [35] , the effective stop mixing angle was proposed to determine the degree of top polarization. In Ref. [36] , the polarization observables for boosted top quark from stop decay were studied. It was also shown that the longitudinal polarization of the top quark from stop decayst 1 → tχ 0 1 depends on the masses and mixing in both the stop and the neutralino sectors. Like the top quark, the chargino produced from stop decay processt 1 → bχ + 1 is also polarized so that the chargino polarization can be obtained from measuring the angular distribution of its decay products. Since the decay of chargino depends on both the chargino and neutralino mixing matrices, the chargino channel can be used to probe a different set of mixing parameters from those probed by the top channel. In this paper, we will investigate the polarization of top quark and chargino from stop decay, and examine the impact of top polarization on kinematics in LHC searches of stop in natural SUSY at parton and detector levels. This paper is organized as follows.
In Section II, we calculate the spin-analyzing power of polarized top quark and chargino. In Section III, we investigate several kinematic observables for different polarized top quark in the process pp →t 1 (→ tχ 
II. POLARIZED TOP QUARK AND CHARGINO FROM STOP DECAY
In the MSSM, the mass-squared matrix of top-squark in the basis of gauge eigenstates
Here mQ
3L
and mŨ
3R
are the soft-breaking mass parameters for the third generation squarks, respectively. A t is the top-squark trilinear soft-breaking parameter. We neglect the mixing among generations in our study. The mass eigenstates of stopst 1 andt 2 are related to the gauge eigenstates by a unitary matrix,
in which the stop mixing angle θt is given by,
Then, we can obtain stop masses at tree level,
The relevant couplings between stop and electroweakinos in the mass eigenstates are given by,
with
(1 ∓ γ 5 ) being the projection operators and the coefficients are
Here
is the bottom quark Yukawa coupling and
the top quark Yukawa coupling. The neutralino and chargino mixing matrices are N ij , V mn and U mn [38] . By using effective mixing angles, we can rewrite the Eqs. (7) and (8) as
with tan θ
and
Similarly, the coupling of Wχ 0 iχ + m can also be given by,
where tan θ
In the parent rest frame, the angular distribution of their decay product f is given by,
where θ f is the angle between the momentum of final state particle f and the spin vector of parent in its rest frame and P f is the spin analyzing power of final state particle f . In the following, we will calculate the angular distributions of the charged lepton from the stop decays.
We introduce the spin-projection operatorŜ, which is defined aŝ
Here s µ is the spin vector of the top quark. The matrix element of the processt 1 → tχ 0 1 in the top rest frame is given by,
eff + cos 2θ
where Eχ0 and mχ0 denote the energy and mass ofχ 0 1 , respectively. Then we can have the normalized differential decay width,
Since the direction of the charged lepton momentum in the decay of t → bl + ν is 100% correlated with the top polarization at leading order [39] , we can obtain the spin-analyzing
for the charged lepton in the stop decayt 1 → tχ
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In Fig. 1 , we show the P
as a function of effective mixing angle θ
eff for different stop and neutralino masses. In the limit mχ0
eff = π/2 and the top quark is fully left-handed (right-handed) for θ (t) eff = 0 (π/2). While including the mass ofχ 1 0 , the trend of the distribution will be changed. Besides, the degree of top polarization also depends on the mass difference between stop and neutralino. For a given massive neutralino, a heavier stop will make P (t) l distribution closer to that for a massless neutralino. In Tab. I, we present the numerical values of P (t) l for several benchmark points.
Similarly, the normalized differential decay width oft 1 → bχ + 1 is given by,
Then, we calculate the matrix element of the processχ 
where
eff . Γ W is the decay width of W boson. An on-shell W boson and narrow width approximation are assumed in the calculation. The normalized angular distribution of the charged lepton in the processχ
where the kinematical function λ is defined as, . Therefore, we can have the spin-analyzing power of the charged lepton in the chargino rest frame,
FIG. 2. Spin-analyzing power P (t)
l for the charged lepton in the stop decayt 1 → bχ
In Fig. 2 , we plot the spin-analyzing power of the charged lepton in the chargino decay channel as a function of θ
eff . It should be mentioned that P (χ) l will be independent of stop mass in the limit of m b = 0, and P (χ) l will become −P
. Thus, we take θ (χ) eff = 0 in Fig. 2 for example, which indicates that the chargino is fully left-handed polarized. It can be seen that P 
III. TOP POLARIZATION EFFECTS IN NSUSY
Among various SUSY models, the natural SUSY is a well-motivated scenario [40, 41] . In NSUSY, only a small set of sparticles that closely relate to the naturalness are involved, such as higgsinos, stops and gluinos. The phenomenology of stop has been studied in [42] [43] [44] [45] [46] [47] .
Other irrelevant sparticles are assumed to be heavy and decoupled from the spectrum of NSUSY. When µ ≪ M 1,2 , the electroweakino mixing matrices N ij , U ij and V ij can be given 
by,
This leads to the fact that the polarization of the top quark and chargino from stop decays only depends on the stop mixing angle θt. On the other hand, the charginoχ ± 1 and two neutralinosχ 0 1,2 are nearly degenerate in NSUSY so that the lepton from chargino decaỹ χ
is too soft to be detected at the LHC. So, we will only discuss the effects of top polarization on kinematics in stop searches in NSUSY at the LHC. We consider two benchmark points as followings, Left-handed (LH) top : µ = 100GeV, A t = 10, tan β = 10, mQ
Right-handed (RH) top: µ = 100GeV, A t = 10, tan β = 10, mQ
The mass spectrum of sparticles are evaluated by the package SUSYHIT [48] . We then generate the parton-level and reconstruction-level events with MadGraph5_aMC@NLO [49] for two benchmark points at 13 TeV LHC. We implement the parton shower and hadronization by Pythia-8.2 [50] and simulate the detector effects by Delphes [51] . We cluster the jets by In Fig. 3 , we present the kinematical distributions of stop semileptonic channel pp → For example, leptons in the LH top quark are softer than those in the RH top quark. This can be understood from the analysis of angular momentum conservation, which is shown in Fig. 4 . The successive boosts of the top quark and W boson in the same direction in Fig. 4 (b) with transversely polarized W , lead to softer leptons for the LH top quark. While in the case of Fig. 4 (d) , boosts of the top quark and W boson in the opposite direction lead to harder leptons in the RH top quark. Similarly, the b quark from LH top quark decay is boosted along its momentum by its parent top quark, as shown in Fig. 4 (a) . While for the RH top quark decay, the b quark is boosted against its motion by its parent top quark in Fig. 4 (c) . Then, we have harder b quarks from the LH top quark than that from RH top quark. Therefore, the measurements of these variables may be used to identify the nature of interactions between stop and top quark, and to improve the stop searches at the LHC. 
IV. CONCLUSIONS
In this paper, we studied the polarized top quark and chargino from the stop decays. We calculated the charged lepton angular distribution in the processest 1 → tχ 
